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624a Wednesday, February 11, 2015in notable changes in the spectrum full width at half maximum (FWHM).
We discuss these new effects in terms of the mechanism of plasmonic
enhancement.
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New Jersey, June 2010, 625 pgs, ISBN: 978-0-470-22838-8.
2 Spectral Shifts in Metal-Enhanced Fluorescence, Karolin, J. and Geddes,
C.D., (2014), Applied Physics Letters, 105, 063102.
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Detection sensitivity from the ultraviolet to the near infrared spectral region
is a key parameter to meet today’s demand for handling smallest analyte
amounts and short measurement times in the optical evaluation of miscella-
neous samples. The introduction of single photon counting based data acqui-
sition has proven to yield a major sensitivity increase and very high dynamic
range - it is the ideal method for measuring weak luminescence.
We present the hardware and handling optimization of a state of the art spec-
trometer for steady-state and time-resolved fluorescence measurements. The
high sensitivity of the spectrometer was shown by measurements of popular
fluorescent dyes as well as the Raman spectrum of water under well defined
and reproducible conditions. The achieved sensitivity allows us to quantify
singlet oxygen generation and to characterize the singlet oxygen phosphores-
cence decay, a prerequisite when studying photosensitisers like porphyrins
and phthalocyanines used for example in photodynamic therapy (PDT). More-
over, with the help of an integrating sphere fluorescence quantum yields of low
fluorescent samples like Ru(bpy)3 in water can be determined very precisely.
The fibre connection of the spectrometer to a time-resolved fluorescence micro-
scope (MicroTime100/200) was also realized. The combination of the advan-
tages of both setups makes it e.g. possible to perform 2D-lifetime imaging
with a freely tunable detection window for low luminescent samples even far
into the near infrared region. The measurements with such a combination
give not only the spectral and lifetime information of a luminescent sample
but also the spatial information which is especially important for hetergeneous
samples.
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Fluorescence detected sedimentation velocity (FDS-SV) analytical ultracen-
trifugation has emerged as a powerful technique for the study of macromo-
lecular interactions, particularly high-affinity protein interactions, with
hydrodynamic resolution exceeding that of diffusion-based techniques, and
with sufficient sensitivity for binding studies at low picomolar concentra-
tions. In order to fit the FDS data structure, in the quantitative analysis it
is essential to adjust the conventional sedimentation models for detailed
description of the sedimentation boundaries. A key consideration is the
change in the macromolecular fluorescence intensity during the course of
the experiment, caused by slow drifts of the excitation laser power, and/or
by photophysical processes. In the present work we demonstrate that FDS-
SV data have inherently a reference for the time-dependent macromolecular
signal intensity, resting on a geometric link between boundary migration and
plateau signal. We show how this new time-domain can be exploited to
study molecules exhibiting photobleaching and photoactivation. This ex-
pands the application of FDS-SV to proteins tagged with photoswitchable
fluorescent proteins, organic dyes, or nanoparticles, such as those recently
introduced for sub-diffraction microscopy. At the same time, we find con-
ventional fluorophores undergo minimal photobleaching under standard illu-
mination in the FDS. These findings support the application of a high laser
power density for the detection, which we demonstrate can further increase
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The analytical ultracentrifugation (AUC) is a classic biophysical instrument to
analyze protein interactions in solutions. A recently introduced fluorescence
detection system (FDS) improves the specificity and sensitivity of the AUC,
and offers the potential to analyze the protein interactions in biological fluids.
We explore challenges posed by the application of FDS-AUC to the study of
protein interactions in E.coli whole cell extracts, using fluorescent proteins
(EGFPs) as model system. At experimentally feasible concentrations of cell
extracts, we find no discernable effects of hydrodynamic nonideality on the
sedimentation of EGFPs. However, at high concentrations E.coliwhole cell ex-
tracts produce significant signals from auto fluorescence with complicated
quenching patterns. Goal of this work is to establish detection limits and
develop procedures to improve specificity.
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The new class of fluorescent proteins (FPs) engineered from bacterial phyto-
chromes (BphPs) attracts much attention for in vivo imaging due to their
near-infrared (NIR) fluorescence spectra. These FPs utilize widely available
in mammalian cells biliverdin (BV), a product of heme degradation, as a chro-
mophore and, therefore, are as easy to use as common GFP-like proteins. We
recently reported five NIR FPs, called iRFPs, with different fluorescence and
biochemical properties. Interestingly, two of them, iRFP670 and iRFP682, ex-
hibited the twice higher molecular brightness, as well as the blue-shifted absor-
bance (643 nm and 663 nm) and fluorescence (670 nm and 682 nm) compared
to other iRFPs. Here we characterized the unusual properties of these NIR FPs
in detail. Our biochemical and biophysical analysis showed that iRFP670 and
iRFP682 incorporate the BV chromophore in two distinct confirmations. A sin-
gle amino acid mutation resulted in a depletion of one BV confirmations in the
protein binding pocket and, consequently, in 30 nm red-shifts of both absor-
bance and fluorescence. The point mutation also caused a slight decrease in
the molecular brightness and an increase in the pH stability of the obtained
red-shifted variants, which we named iRFP670-red and iRFP682-red. The
effective brightness of the iRFP670-red and iRFP682-red in live mammalian
cells was comparable to that of the parental proteins, suggesting that the high
efficiency and high specificity of the incorporation of endogenous BV chromo-
phore was not affected. Spectrally resolvable fluorescence of the iRFP670 and
iRFP670-red pair, as well as of the iRFP682 and iRFP682-red pair, allowed
easy separation of two cellular populations using FACS cytometry and straight-
forward two-color fluorescence microscopy of live cells, thus making them the
probes of choice for cell labeling in the NIR region.
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Green fluorescent protein (GFP) is a widely utilized protein in imaging due to
its favorable optical properties. These photophysical properties have previously
been modified through site-directed mutagenesis utilizing naturally occurring
amino acids. Here, we have further modulated the photophysical properties
of GFP in a systematic fashion by the site-specific incorporation of unnatural
amino acids (UAAs) into this protein. UAAs greatly enhance the ability to
modulate the optical properties of this protein in a controlled manner. Optical
data on these new GFP constructs containing UAAs will be presented along
with initial crystallographic data relating structural changes in the protein to
changes in the optical properties.
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Fluorescent unnatural amino acids (UAAs) can be efficiently incorporated
in target proteins in vivo by expressing suppressor tRNA/aminoacyl-tRNA
